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Abstract of JP2001068731 
PROBLEM TO BE SOLVED: To relax the 
lattice mismatch of a GaP crystal layer to a 
III-V compound semiconductor constitution 
layer and stick both layers to each other 
with a uniform junction strength, by 
sticking to the n-type or p-type III-V 
compoimd semiconductor constitution 
layer, via a metal oxide layer the GaP 
crystal layer having the same conductivity 
type as the III-V compound semiconductor 
constitution layer. SOLUTION: On a 
substrate 101 made of an n-type or p-type 
conductive GaAs single crystal, etc., there 
are epitaxially grown by utilizing the means 
of MOCVD, etc., III-V compound 
semiconductor constitution layers 102-105 
required to constitute an LED 10 which 
comprises a buffer layer 102, an AlGalnP 
lower clad layer 103, an AlGalnP light 
emitting layer 104, and an AlGalnP upper 
clad layer 105, etc., and thereby, a 
laminated structure 100 A is constituted. 
Then, on the upper clad layer 105, a metal 
oxide layer 106 is deposited to stick 
thereonto a conductive GaP crystalline 107. 
As a result, as relaxing the mismatching 
quality of the crystalline 107 to the layer 
105, without generating any crack, etc., the 
GaP crystalline 107 can be bonded to the 
layer 105 to obtain an AlGalnP LED 



1 Q 



t 1 0 



/ 



1 0 OEK 



JL1L5. 



10 3 



±SLSL 



10 6 



1 O 4. 



10 8 



3 11 



file://D:¥Kitauima¥My%20Documents¥EPOV3¥JP2001 068731 .Bib.html 



2006/04/19 



■ JP20O1 068731 2/2 ^— v 



having a high liuninance. 



Data supplied from the esp@penet database - Worldwide 



file://D:¥Kitsuima¥My%20Documents¥EPOV3¥JP2001 068731 .Bib.html 



2006/04/19 



02) ^ ^ 1^ ^ ^ (A) 



#182001-68731 

(P2001-68731A) 
(«)^iH H ¥J«13<q? 3 ^ 16 H (2001. 3. 16) 



(51) Inter 




F I 




HOIL 33/00 




HOIL 33/00 S 5F0 4 1 








e»:^e}9cll OL 10 H) 


(21)aie»^ 


I^IS^l 1-242473 


<71)fflBA 


ooooo;^ 
















*SSi3iK^P1 1 TB 13« 9 # 
















«f3SJ*6!beTrFi^l505«iS l!»»«X*|E 
















100094237 














F^-A(##) 5F041 AA03 CA34 CA35 CA37 CA46 








CA65 &\73 CA74 CA77 CA83 








C/«5 CA92 



(54) \m^<r^^m a l G a I n "^mt^^ifr- Y 



(57) vmm\ 

CSS] A 1 Ga I nP^LED^r^ffiSc-rS I I I -V 



4 10—, 



4 10b 



2 0 



4 0 7 



4 0 5 



4 0 3 



4 0 9 



4 0 8 



4 11 



(2)^200 1-6873 1 ( P 2 0 0 1 - 6 8 7 3 1 A) 



[it*3ai] GaAsmi§aS:K±(w, nJ^iO I I I- 
(OSXSl. 0<YS1 ) P?^<01 I I -V 

m^t-^m^^imm.m ^mmm. g a a s m^^amm^ 

l^t-SXS2:#tfA 1 Ga I n PS^^t^^^^f- HCfc 
V^T. nJ^JllXpJ^c^I I I -V;^<b-&!|?!l^f*ctS^ 
iz^KM-imm^iYLX. I I I -V]!^-ft-^!|^>)^«cm 
jSili: H-iOfE^J^^fl-r^ G a P*S^e*Wt§ixT 
V^4C:i:S:1fiai:-r-&A 1 Ga I n P5S63t^-f jT- K. 
[ft*«2] I I I -V]K-fk-&!|%|i|i3li*:fflBgjiAS. Al 
xGai-xAs (0<Xgl) ^ t ^If^fc-^SW 

^JS 1 fclBiiOA 1 G a I n P^rJ^-f K , 

imtms] 1 1 1 -vmit^^i^m^iiK (a 

lxGa,-x ) 0.5 I no.sP (OSXSl ) Th^Zti 
mWit-thn^m i tClB^iO a l G a I n P^^^ Jj- 
-K. 

[it«]l4] GaP^aii<^JSi¥*«, 3 0jumm:T3 

0 0 ;u maTTh ^zb ^mwit-tm^m i ~3 

1 mi>Zim(^A 1 G a I n P^^-^ it- H . 
[if«^51 nJ^GaPiteSJlt. PJ^GaPiSaSi: 

i^-m 1 ~4 <r>ntii3^ 1 Jat;:lE«i<7)A 1 G a I n P%%^ 

^hmW^ 1 ~5 iOMiX** 1 ^atifEiUcT) A 1 G a I n P 
^l—e<mtL:^^imzUm(r)A 1 Ga I nP%^^ 

co^mwtimmif'. mi im<^^m7im<mimx'hi> 

1 Ga I nP^:J^-f :t-H. 

co-^mm<mm*K mt^yj^^j^ ( i njOg) sr9o 

i:«tcE©«7)A 1 Ga I nP^y^:^-Y. 

[it*jai 0] nm(^i 1 1 -vw^-^^immi^ 

±'n^mmmmti^. s-ft^ ( s n 02 ) ^ 9 oxmi 

-t-^^S c: b ^^mb-fhm^m 1 ~6 iOMix*^ 1 m^z 
^cOAlGal nPWty-i:^-'^, 

mimi 1 ] p»oi 1 1 -Ymit-^^^mwmwim 
±.<r>^wmimmtiK m\mm ( z n o ) ^9 o%Jii± 

E»«0A1 Ga I nPj^r>fji--H. 



[000 1] 

[%HJc7)Jlt--l.*r*^^»] A 1 G a I n P^^cr>±Ji 

M.mzT:)j<r)M:fji,zG a p*^<^^s^Ma«*W$ 

il-tl>2.1«JWJK«0A 1 Ga I nP^r-f^-Ht^M-t 

So 

[0002] 

[fi!*0^*B] (A 1 xGai.x) J I ni.yP (O^Xg 
1,0<YS1) (mr, A 1 Ga I nPt^-T) 
?gfttc*>-5T. i^ix'-^Affl^ ( = 1-Y) 5: 

0. St-r-S (AlxGai-x) 0.6 I no.gP (O^XS 
1 ) ti. mit^V^M, (GaAs ) »feai:^»=5rtS^ 
S-^tt^rmJ^C-^-l.flMtfcoT (App 1 . Phys. 
Lett., 57 (27) (1990). 2 93 7 — 2 

9 3 9H#B5) . 0«ttf#<sfe^^ajsfri.^^^^jr 

-H (LED) ^V^{±U— f-^-f:t-h' (LD) ^tS 
RE-r.?.'7){c:fiJffl$aTV^|> (Ap p 1 . Phys. Le 
tt.. 64 (21) ( 1 994 ) , 283 9--284 

#-ri)Jti6fc. p nm^m.<r>yy)\^^^u (dh) g^-^ 
mm:f}^^mm-h<7)ifim.mxtbh (app i . Phy 

s. Lett. , 61 (15) (1992). 1775 
— 1 7 7 7H#ra) , 
[00 0 3] Al Ga I n P J^D HffjtLE DlC;i>-5 

X . ^ff)fv^<m. *) m Lijmzhti s d Himmi 

mco±:fjizii. mm i^y^iyv^m) iWM-t^c^t/^m 

fi^Jt^r-^TU-i) (SPIE, Vol. 3002 (199 

7 ) . 110-11 awmi) . smi±. m^mim^ 

<7)^^^coj2M^^i&m^:mLXm^t&WL<^Rm htS.o 

[ 0 0 0 4 ] #i^^7-123 17 1-^fciE© 

i^ixSAl Gal nPaiDH«JtLEDlC«i3S5|BBlC 

ti. mimj^m2co'^ H yY'^mij^hm^^tihmmiiz 

h-oX. micO'^-f ^-H-^il^GaAsAxij^^^L. 
<0±«0||2CO'> ^ V H-^^^G a Ptl't^m^'thmtl' 
M^$^tTV>-S.. UliTj-^^f >F<^aS:filfig,-r-I.GaA 

s««i. p?^iOA 1 Ga I npmmm±.i.z^m.-^w^ 
mmA&-^ (OMVPE) &-cmft4>ti.-cv^s. iJt. 

m2«0'>-f >'Kn7JiS:55r-f-GaP®i7)S;gJi:, 5—15 

^/mtCiS^^il. VPE^V'i«0'MVPE^;^^|J(:^«c 
OiStt^>ixTV^|. (±ieiO#^^7-l 23 1 7 l-f-# 
91) . 

[0005] ttz^ AlGaIn P^Jlc7)±:SrMLftC 

^lL;tLEDt,»]^^XTV>l,, T:^'J:^-^m 
. 0 0 8. 71 8#«0^HBtCiBK$ixS A 1 G 
a I nPLEDtca^oTti:. GaP*»i?>^rS% 



(3) g|2001-68731 ( P 2 0 0 1 -6 8 7 3 1 A) 



mM^ii^ms: (VPE) mizx K)fm^tLfzG 
p ^mmm±^z:f- $ -x «ffiS:iftifc LED t/^mm 

[0006] 

imSll<r)A 1 Ga I nP^DHfl|JtLEDS:#|> 

<5DtC»fl5-^i:^Si7){i;^f^-C3!>l.. Ga P*S^f*c*>^>.^ 

m^m^-ttnmm^^m:^mmz±^-t^miiLm^ 

h^t^tl^. L*^L. A 1 Ga I nP^coi I I -V 

mit^m^^im'^±izG a pm^t^sM^'^tz 

m^mzmtr^vt^nwiizh'^xii. mm^com=F 
^mi\'^iimm&mcommiz@K) . i^-^3s«T«-^*^ 

*;t-*^V^|BlS*«^tTV^!'::. *>^;^it. GaPOt&^^ 

^iSc{±$1;5. 4 5 O^i^i/Xho-jUfJ)'), GaAs 

co^tmms. e3 3^y-7'x\'n~j^x'hh 
sa*, r 1 1 1 -v^-fb-^iit^^flsj ( 

fig. 1 9 94¥5^2 0S56=ff^JiS> . 148K# 
[0007] i^. {Rk:. m^-trntz^Xi:,. Wf--^ 

-^tt*-^ 5X7 -f-yh(mis-fit) g<2A^'fl!i 

L E D co«Wcoffifflfc*^tt miKtt t i!jf^^^14**a^: 
t>KhZttmm^ixX\.^h (±i2<5^!ft^¥7-l 2 3 

1 7 . ;i(nmtcT-m-^\.t. ^t-^m^mwm^a 
m-hws^mm-h^\.z.ji!rr^\.. z.tai. le 

[0008] 3St:{±. GaP^k I I l-vm^-^ 

^wi^^t<r>i^ym^mzmm-h. mm<r>m-^ 

^mat^oTV^^, A 1 G a I n PS6^A^4>«7)5Bt 
^■•rS, mtf. »«14cOGaAsi^fBJi^T®i: L-C 

G3.pmmt(mmm:mihh m^^wc t isc^ $ fi-c v ^ 
s (±ao!^^i 1-12 3 17 mm^) . 

IR$^^, 1 1 1 mm'{m^w.9^im'iF<rmm&iuz^ 

[0009] *^HB(i. ^«<?)±TjR^ri*ItcG a PM 
^f^s*-^=3rS^5r^tt-&tc«>/c'?. (^) I I I -V 



:t-5-y:?Ji^14Sr^iS-r-&ki: tic, C:^) g| 

iut^<os3ti±&t>^<^.i-. 1 1 i-vm^-^wm 

immM±.i,zGa Pm«Sri5ftsetffi2:«l«-r-S . 
[00 10] 

fz, fiP*>, *3%BJ(i^ [ 1 ] G a A sm^^B««±t-, 

njgcT) 1 1 1 -vmit^^t^mm. ( a l x G a 

i-x)yIni.,P (OiX^l. 0<Y^l)^a. 
pJgiOI I I -VJ^'fb-^^f^slS^^WJif^, Ga 
As^fgB^^^^-rSXm^-iftfA 1 Ga I nP^ 
5e:5^-^:t-h*tt3V^T, nJ^JtZ/ p?^co I I I -Vi^fli 

-^^a^^^«figJi(^^«K'^t!|^!)i■&:f^tT, 1 1 i-v 
m^t-^m^mtm^ t isi-oe^jg*^^^ g a pig 

B^aS*Wt$^-CV^|,ii:S:mSk-rSA 1 Ga I nP 
ffeMS^-fsT-H. [2] I I I -VS|jfc-^iii««cjifig 
mifi. AlxGai.^As (0<Xgl) T'J)-!.:: fc S:«P 
Sikf [ 1 ] ICIESJOA 1 Ga I nP^^-f Jf- 

h\ [3] iii-vmt-^w^mwmw^ifi. (ai 

xGai-x) 0.5 I no.sP (O^X^l ) T-ft^^fcSr^ 
mt-Th [ 1 ] iCfemtOA l Ga I nP^^^Mrt- 
h\ [4] GaP^a®<7);iJ5;&4^ 3 0*<mJiLhT'3 0 
OjumUTTfcSdk^i^k-r-i. [ 1 ] ~ [3] CTJM 

fi*- 1 mz%im<^j^ 1 G a I n p ^y-^ :^-Y. 

[5] nJgGaPi^^BJli:. pJgGaPigfHakiOSJI 
2 0AtmJJll^TJ>^C:t^!^k-ri. [1]~ 
[ 4 ] OM^t*^ 1 3SlCfett<7)A 1 G a I n P^:J^^ ^J" 

- h\ [ 6 ] ^mmmmifi. %%mii>hmi^ix^9L 

mzn LT . 5 0 %m±tfO®S*Sr*-^S Cl i: $-!|tiai: 
■^■S. C 1 ] ~ [ 5 ] tOMix*>lJStCfEKOA 1 Ga I n 

piTfe^t^-f :t- h\ [ 7 ] n»o 1 1 1 -vmib^m^ 
m-¥m^±.(7y^mMimmt)K si i iK^L<{im 
I v]^^ 7t«mv I m(f>^miM(m^mi'hh:L t ^ 

^t-r-l. [ 1 ] ~ [ 6 ] iOMiX*-13StCifi«OA 1 G 
a I nP^7fe^^'f^-h\ [8] pJgiT)! I I -vS|-(b 

TnScT^it-ftii^j-r'ft i. c: t ^nmt-th [ 1 ] ~ [ 6 ] o 

fnIiX*-i:iStCiem<^A 1 Ga I nP5^^^^pj--H, 

[ 9 ] n»co 1 1 1 -vm^t-^^im^m±<D^m. 
m^mmifi. mit>(y=J^j^ ( i naOa) *9 0%mi 

^^■t^Zbi:^mk-t?> [ 1 ] ~ [6] cOM^l*-!^ 
tCiaSicOA 1 Ga I nPIBt^J^'f [ 1 0 ] njg 

*^ St^t^ ( S n Oj ) ^ 9 0 %JiLh#1r-r ^ k 
mkfS [ 1 ] ~ [ 6 ] c7)Hii*^ 1 JStcieSJcOA 1 G a 
I nPf|jt^^^:t-h\ [ 1 1 ] PJ^^7)I I I-V]^<h 

-^^f*:«fi^±(7)^as^^t:^^!ig*^ m^tmii ( z n 

0> $-9 0%I;Ui-^*-ri.^i:2rmk-r-S. [1] ~ 



[ 6 ] <7)Mtt«> 1 miZimcOA 1 G a I n P^^^f ^ 
[00 11] 

A 1 Ga I nP^DHfflatLEDti, mHiiX<^^m^ 

( 1 ) n mmy^ p mcommv^G a a s mi^^m(^mm 

1 0 1 102. A 1 G a I n PTSP:? 5 -y 

H« 1 0 3 , A 1 G a I n P^jtS 10 4. A 1 G a I 
nP±g|5^'5>y HJll OS^c^LEDl Oimm-thii 

Mzi^^^^j: 1 1 1 -vm^t-^m^im^ 102-1 

(2) 0<J;t(f. nmmMipm<^±^^'^-yVm 
1 0 5 ±tc, ^JSM-fbiHsS 1 0 6 2 -ii:^ , 

( 3 ) ^mmimm 1 0 6±ic^«itoGa p^ 

( 4 ) 112 tc®*-r^*n< . ±iicmm 101^ 

I^LT . mtii. ±iS<^±SP^ 7 -y H« 1 0 5 
^^^Ofe^J^T^a, nJK^VifipJ^A 1 Ga I nPT^ 

y KSl 0 3<?)^®S:SStti?-t^-|., fi?lJx.(f, GaA 

ifi®?-fl:*^*-M*jI-^?g(c iOGaAs$rX-y^yj/ 
K^tTTSP^^ y HSl 0 3(7)^M5:IS{ii§-(J:S. 

(5) }!ki,z. ^mmitmm 1 0 8i&, ^HSrsajs-ti-Tt 
1 1 1 -vmit^m^mim^ 1 0 3±izw.m^^ 

( 6 ) mz. mm^coGapm^i 0 9t:. -^mmit 
mmioa iif^^^x9^n-ti> . 

( 7 ) mz. ^^misiimm 1 0 e . 1 0 s $::n-LTft!i# 
L^>:G a p^^B* 1 0 7. 1 09 im-t^mmm^w 1 

OOBa)mSm±l,Znmm/lZpmcr):f—S.-y^' (Oh 
m i c ) -ttmSi 110. Ill Srift(t-S> . 
[0012] feLt<0^f^S:t,r)T. nJ^^l^tipJ^cOA 
1 Ga I nP^ai 0 4{C?*tT. ±TMyj!^I.ZG a. 
P«S^ftl0 7. 1 0 9*>/b^55§ii^(8i.fv:LED 1 
OSrffS. 

[00 1 3] GaP^B^afrl 07. 10 9^te#-r^>^ 

mt^^ioii^ mmmi o2X'h'o, ±Ti?7-y vmi 

03. 1 0 5T'S>'3. iai&t/^ll2W4*S^L-CV^^V^ 

(ipJ^AlGal nP5Bfe«l 0 4*-<^>JftSt$ftS^ 
(4. *ife^*»'^#fe=i=tiSt^, G a PiSftf^J 10 7.1 

0 9 i: mtm 1 0 4 i: oistc . z <7)m^j:m^^-^m& 

^mULXLt.om±^^i:^-i-^. mtH. GaAs 
{4. I I I-VS|'fb^1?5^f*:^^Ji5:. nJ^BgV^(4p 
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ff^c7)A IxGai-xAs (0<Xgl) ft6. T;1^5- 

^j^mmt (=x) fi. ^3Kfe*tcffijet-4«ifc®iii^ 

L\>\ ^^t: 6 2 0 nmi:-ri.*^Sfe<0?BK{c 

-PV>T{4. X$-*<)0. ASHLtft^nMm^^iipmcO 
AlxGai-xAs (0. 4 6^X^ 1 ) AiCT^f^-i.. 
[0014] 43t. lg3<0SgttJKffiT'{4. I I I -vm 
^■^Wmtm^i:. n?^^V^(i:p?^ (A IxG 
ai-x) 0.5 I no.sP (OSXSl) t-r-i,, (AlxG 
ai-x) 0.5 I no.gP (O^X^l ) {4. 600 nm# 
cOfam&^li tfciO. 550n m*<0*ifem<?)l63t 

$:Sj§t'^ i,2. 25 e va±(r,m±^im^nK)n^fz 

46. A 1 G a I n P%^i^(i>a)^^m^X'^ hili-t, 

x'hh. z(nim\ I \-vmcmmmmiM\,zn 

L-C(4. ^«3r*c7)^'fC!t%*^^>=5:l.«M{4. *:5rS^M 
ISJ:0t5^lltS&«t-^. I I I -Vl^-fb-^ti^ 

llt:'J>5A»<?>^-5-. -ecOifc^feSSHtCGaPifeafljS- 

\mW.mz^\.^X. GaPiS^*i:I I I-ViS-fk-^!H!| 

wm^mm-h^M.=f-b^G^pi^i^\iii.}L 1 1 \-vm 

[0015] ±!Eo*n< o 1 1 1 -vma^wmmk 
^^xz^mm\mm i o e . i o s^^tTftSft-r-s. 

GaP^aftl0 7. 10 9{4. nj^l,^{4pjfg<0#« 

mzmy-h G a pmsH^BT*sc^*<»sfe Lv^. mut. 

ifS (S i ) K-r<7)n»GaP*^B^ai:-f S/i. 
{F'J;c{f. ffilS (Zn) h'-rpJ^GaPmiSai:-*-^. 
^ie^B^OGaPS:jf«$-li-Ct.. ^i^a«0l^gi5tc^<# 

i03&<lit<=5r-2.. ^-$-y^«®l 1 0. lllJcO^ 

S/cai^Wi. G a P*^B^B«£i7)df ^ y rSUg 

J4n?g. p?^tci6l43iJ>-r*«jlxi 0i8cm-3J^JLh-C. 

fio. sa:*{4*«7i 5 u^r-A • -fevf-^-h/i- (# 

[0016] ^T^c. ftSf'i-r.S.GaPm^B^BiO^ffi 

o®:^r{a<4. I I i-vW}c^^^wmiM<^^fy.h 
iii&-Sc§-fe!:'l.<o*«if * tv^. fiaj;tjf . { l 0 0 J 

mh^hmL^fix^^h 1 1 1 -vimc^^mw^^ 

±lc(4. {100} t-r.SGaP^^«. 

"^^h . ^ 3t. ±m*»'c.Oja^^|JK (off a n g 1 . 

e) tB&-gC$-li-f^GaPmfeB^H^««5-fr^m^ai 

tfz. Gapmi^B^Hfc. 1 1 i-vmit^m^^ 
3&«MiLv^ caii.{ir. 1 1 1 -vmt-^w\^mim^ 

ff) [ 1 1 0] :fir|6lf:. GaPmiSftiO [1 1 0] :6-<2i; 
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[00 1 7] mA<Dmmmmxn, ^mm-imm 

nmtLX\^i>. GaPigfaf*:! 0 7. 1 0 9coeff 

7-123 17 1-^B^) . :t-5-y^'mfigl 10.1 
1 l*-'i>«*&?^l?.«^»W«^^®l 0 4^B&^ 

6, 10 8i:ii-LXWm^iti>GaPm^U^107 . 1 

0 9<ommii. mtL<ii3 0Mm]:j.±x\ mzm-tL 

<i±5 0umt't^, ^TfeJil 0 4<7)Mffl!lfc«W3 0 
0//mS-ftli.5ff$fiOGaPifeS«sl 0 7. 109Sr« 

m^-^tt-rt t . msittjt* i o o Ao^«£io«m*< 

•9>^tC6 0 0//m&^;cStc^t^rO. ^-fi^V^S^ 
V^{iXi7 5-f :/a^^fiJfflLT<iS'J^^ ( c h i p ) 

K-fLiHsJi 1 0 6 . 1 0 8^/i-LTlS«$-frSGaPi^a 
filclOT. 10 9cr>mmii3 0 0jj.maTt-t^, 
[00 18] I23{i. Mff2r5 0//mlii±f3 0 0;uni 

GaPi^B^B*! 0 7. 1 0 95r^3t;il 0 4cOMfl!lCiE 

(7)GaP^^{^l 0 7<r>mi9-i:DlbL. ffc:^rcOGaP 
^B^B*1 0 9CO«JI^D2 (flL. DKD2) fciStC 

LTl-*-?.. cK^i^icj^tt-siram^ti. ^Myii 0 

4(^MtWcif$V^-r. S«^-li--5.GaP^^Bfi|cl 0 7. 1 

0 9<r)mmD 1 . D 2 1 1 1 -vm^it^^^^i^m^ 

JicOiiJ¥D3. D4 (D3>D4) t O-^lt^OSffT 1 
( = D H-D3) . T2 ( = D2 + D4) i^^b^ 
?.«lciga§-»i:S^i:tc$>^. ^m-TiUf, JIW (=D 

4 ) *-'?iv^ 1 1 1 -vm^t-^'m^imm 1 1 3 

{i. J: K)mmtfi:kX'h^ ( = D 2 ) «0G a PiS^ i o 

9^mm^-\t. mm*m\^ (=d3) ctoa/i 

( = D 1 ) *Vh-C'J>^G a Pjgaf* 10 7 . im 

^"^x^dm 1 0 4<Dmm(,zmft'^<7)mmT i . t 

[0 0 19] tfz. m5cr,mmmmx'i,i. mta. ms 
^z^^tih^mm^mm i o 6 . i o s sr:n- Lxmm^ 

1*-*GaPifeai*cl 0 7. 10 9<r>mmt:«^m—k-t 
5. ilia. )K:^<OGaP^^aft:l 0 7. lOgcommcO 
nm^mtL<li±2 0Mmil]LfHt-t^. MizMtLK 
{i:±l Ojtxmt-f ^3iyil 0 4<7)ffiWciE«t-SG 
aPfe^B#:1 07. 1 0 9c7DJim5rB&|Bl-k-^-^rfct 
iO. ^BtJll 04tcEpnr$iX-I.S^cOi%IP-(b2ria-SC: 
i: A^'T'i' S . CLtHZi. 0 . 10 4 ^<7)mmff}Wi\'^ 

[0020] me(/)mm&mx'ii. mtn. ms^z^^ 



tlh^Rm-ftmm 106. 108 2rAlGaIn P^ 

m^ni^ 10 7. 109 *»^>i'hgiJ^?»^fc5bfcs-ffist$ 

it^fclibX'hi,. 

[00211 tJt. :^SS!ft;!(?!lJi 106.10 8{i. » 

t. »iLV%, GaP^H^aft^l 0 7. 1092r:)ttT^ 

3tJi 1 0 4 ^m-^S: < m^f-mfm^Li^'^M^ tL^ti^t- 

/?>T-*>I.. ^^-tirSGaP^af^sl 0 7. 109<7)& 

mmRT/mmx's.':>mmit?:^^^mimm 1 0 6 . 1 

0 8comWm. ^tl^^m^it^ I I I -V]^^L^ 
H^¥^fm^m mtif. ia3c0103. lOS^i:) 

<^{mm^zm'oxm^ii-ti>. mtii. %7<^mmim.\>z 
iB«<7)*n<. njgcoi I i-v:K^i:-^!i^^^i4clf«a± 
^ I I I L < (i^ I vfiiiTtJi^v I j^co^ 
Smmm^^LX . nJg<OG a PifeS*S:ft!iftf-& . 

Gapstxi 1 1 -vrnvc-^^^mmzh-ox . mi i 

1 WiMli^VrFb^ (iso-electronic) 

yf^tmx'h s . tti.mi vmRx/mv i siTcSJiMix 

t H-:h- (donor) y^-WMX'hh. Z<^imamifi 
GaPMa^af^^V^til I I -Vj^-fb-^I^^^I^JSB^Be^ 

mmmtiim-na«mmim<7im^b-tix{t. g a p^ 
^B*i: 1 1 1 -vm:^^^im^b<7i^^^m& 
mimi^pnm^ifim^^tih<r>^m±x^h. hp 
m'f-mwmwi^m*)-^j:<%itm^bm^x'^h. 
[0022] mz. pm^i II -vm-it^m^im 

mmm-Lx. pjmGaiPm^i^imti-t, GaP 

itmcomiizmifhp nm-^coj&^imm-r^fzMz^ 

[00231^111 mco^mTcm^istsmimiomiz 

ti. itlb^'J-^A (.Ga^Os) ^m^t^>'J^2* ( I n 

iicmQ • cmmmcoimt}Lmx'^m^j:mm^^^m 
•thmm^mmzni^ti^. mx^*). m9<^m^mm 

Tii. mi I m^iSS-ftit^jaS-. I n2 03$-±«4)-i: 

■ti>m^mi3^i^mm-^. -^*»« 9 0 %m±*wii l 

<. $/5tc»*L<{i9 5%JiLhi:-r-&, K-ft^ ^i^'-^ 

( I T O ) ^mit-( W^K- S^S^ t'*<S, h . 
[0 0 24] t/i. mi 0(50|ISgJ^®T(i, nJ^C7)Ga 
PifS^B^knJ^I I I -VS|^l:^!a^#::^^fc^^ 



7iMt-§-6zMimm ( s i 02 ) ^^icib^tLtf . m 
[0 0 2 5] ^f^. ^1 i<7)mtmm.x'ii. pmoap 

%tJi±t-rs. muf. (Ga) , r/i^s^'^ 

A ( A I ) RX/-( y-J^M. (In) 36«aSlD$iX7tZ nO 
*^^>{i. *«JlmQ ■ cm^^,'>(i:-?-i^OT<?)<SV^SS^^(7) 

ti. -«»<J^5^-;^ (Ha 1 1 ) «!)m«!^=6rffc 

[00261 ^9-^11 coiiir4ff^ssicie-r^]Si?-ft!B!i 
@{4, —mm^mmm:^^-^-/ ^"ji^^^ (sputter 

i n g ) 1f— rrix— >- 3y(laser-a 

b 1 a t i o n ) m^^iiitm'O^mim (CVD ) 

S^co^Stc J: •) , njg^v^tipj^i I l-vmit^^ 

^i^mmM±izm.mT^ h , t^^ v ^ u y^^-cfiJiix 

\To-w^K\Y-'rm(mimmk>m-th\.z 
istTti. ( 1 1 \-vmc-^^^mv<fmLm) 

<n^^m2 0 0'C*^^>*«J4 0 O'Ci: LTEM-rs fc^ 
^ttfc:«ti.4B!^t!|?!ilS**#4>a^^\ afvT. ITO^Z 

nO^i0^^i^^^^O®}Sf8cS: I I I -^mc-^^ 

^^}L\,zm^ v,xmwmm:'^m-h^ 1 1, t-^ 

5. ^SK<ki|*JBJ4, GaPi^Sflsfc I I I -vmit-^ 

mmco&4^(7)mmi^. 1 1 1 -vmit-^m^a^m^ 

h Lx . ^mm^mm<7)im^j:mm<of&mi. 2 n mm 
[0027] ±m(^im^mm(r>^mwnmmizG a p 

x^mmtizmrnx'^^. nmmit. 1 1 i-vmit-^ 

< . L<{4*572 0 0'Cia±-C*^6 0 Q-CmTT*) 
^f^<7)iiflsco®!^t:!B!rttirCJ4^r<. I I I-VSi-ft-^ 

i^^mwm^mm±.i.z±mmimcr>mL^^^tsmm 
m^mmLx^j:hm^mm^i^vxG B.pmikWiim 
m-^^h^mzmiM. ^mmi.z-^iimE.-^'th^t 
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■b^t^x'hh. rnw^rni. ^tfz\m^mmm>^x'm. 

0 i%-=Sr?g«Jg^ t o T G a PiigB«Hfz|s*^S«T'# S . Bi . 
?fi2r{S-rt;{4. 1 0-6 h-^W (#{4 : To r r ) WS.<^ 
««2gJ^{i:^^^■rtt>^^^S'C{4=5^< . 0. lh-7P^<7) 
WSm.X'i:^mi^^£\>^. 
[00 28] 

inmm^ ^^wm. mmm^mi^zum^zm^m- 

mA\i::^mMm\,Zi^hhA\Ga. I nPLED5:« 

m-hi^zhfc^'mwmnh Lxmm\.tzx.\^9-^>'^r)v 
n.mim.W2QAa)mwmmx'hh, t/c. asts. 

04t^-r«fWf^5-ai%«^fc fCfl!fie$ix/^A 1 G 

a I nPLED2OcOE0fffiliiiSr^t-^5tllT-$>S. 
[0029] l.RD2 0-k^mtUzh-fz^. ^-f. iS 
gSOmmcOZn H-rpJg (0 0 1) -GaAs#.i^ 

m^mmLA 0 i±tc. ^jEOMvpEffitcj: 

at7t> Z n H-rpJgGaAs^ffa4 0 2^ ZnH 
-y'vm (A lo.7Gao.3) 0.5 I no.5P*^4>^'&TgP 
^7>/KiS403. T>'h'-7'«?)njg (Alj.jG 
ao. 8 ) 0. 6 I no. 5 P?g^A^'i^S^3tii4 OA. ISO/ 
nm (A 1 o.TGao.a) 0.5 I no. 5 P*^'o^-&±g5:^' 7 
•y H.J14 0 5<7)*»/?>«^$a-I.Xt':5'^>^A';P«JI«Ji 
f*:2 0A$:#«c«^sji: LXm^Lfz, *^f*c2 0A<0# 
^:ftii4 0 2~4 0 5{4. hU;<f-;WT;L'5-'>A 
( (CH3) 3AI ) , hOj<^JV/fV'yM. ( (CH3) 3 
Ga) Sl/fhy^^7Myi^''^A ( (CH3) 3 I n) ^ 
I I I imf&7tm(r>!WMt L. yi-^xy^y iPHs) ^ 
ij ymt LX7 3 O'CX&^Lfz. mi^co h'-b->-^jS 

( (C2H5) 2Zn) ^fijfflt/c. 

i^ff Jf 4 0 2 C7)=3f A- U rmK«*«7 2 X 1 0 » 8 c m- 3 i: 
J111«*<J0. 5/^mtL/t« TgPi?7-/H«403 

umt Ltz. 3\^n^ 7 3 OX:Tfi)clSL/>:5l3fc«<04 0 
4c7)JfA''JTill««*<)5xl0i6cm-3i:t. Mmim 
1 20nmi: t;^c. >'V7>' (S iaHg) S:H- 

i^y-/mt LfzS i H-rnJg±aJ^'9>y Ke4 0 5eo 
^■v'JTilS{4iH?lxl0i8cm-3i:L. a»<±i^3/i 
mi: Lfz. 

[0030] mmmmw2 o acob^^^t ttzik. i% 

&LX. MOCVDfiE«rJ:'5««flUtf*:2 0A^]R»3 

tiitfz. nm±M^=7-j YMA 0 5tO. ^ffi^cf^gPS 

Ltztk. mmmmi2 0A^m^^fy i o o o ^(tm^x- 

UlteL. ±g5^7-y KJi4 0 5iO*®Sr^te;-tC*«j 1 0 
0nmO/P$c7)lg-ft^?S^^t!gM-C-teaLfc. ii^tC. mt 
mmm±.\,zm.m.^1S^5 0mmh^hSi H-TiOn 
J^G a PSmm^A 0 7 , «JifltJ§«c2 0 A i: 4"t^5: 
■&-g:§-li:T«aL^. nJgGa PmifefH*4 0 7C0^ 
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m<7)miTmimm i o i fciai t< (oo d x-h^. m 

aP#iga«s4 0 7<^±t. mz. mm^mOmmh 

m?5r*t;2o o^7A (g) fc-tasi v-rnm 

[003 1] act:, GaP^ yzf'h,hf!ri:nm.Lfctt 
^> , SiS J: 0 8 0 "Cfc:**; 5 •C/t8-<7)jS®-C»«a Ljt . 8 

o'azmmm. 3 o-i^^mizs.'om^mz^nLfz. 

X. 1 2 0'Ctc2X:/^c0iiggT-#-®L)^v:, 1 
2 0rt3 0^ra»*tL^. Umt. mz. 2 5 0'C13 

te^ 2 0 'c<7)mmx'^^ L . mi&mz s o l 
fz. u.mk. ao'cizmio'cz-^commx-'^iMiLfz. 
8 0'c*-^>^iai£{±a^aiL/^. a±cr>iam. i^mn 
mz^'ofmmm^mt^-tx. i?^t^s-±js^i:-r-s. 
^mm{mm4 o e^j^^-rs^tc. nj^oaPS^B* 

4 0 7 Sr n J^±gPi? 7 -y Hil4 0 5 tj^-^S-yr-t . 
[ 0 0 3 2 ] <5:tc, nmo a Ptta«s4 0 7 

X-CH^LT, «Jimf^c2 0A&S^*L^c. Wf^^5 
XrP-hfclI«$-t^:7t^^c7):jjt®T\ 5Btil4 0 42r 
h WCffi* P J^G a A s 

^401S:, T>'^:::iT7K • iiH^bkS (H2O2) ■ 
*«^K (H2O) *>^>^:l,?l-^7i<i§?g4.lc?5L. x-yf-> 
^^LTI^LJt. il^, fiHtT. pJgGaAsS«[4 0 
1 ±tcJ4S LT & o y;: P JgG a A s ^«Ji 4 0 2 1 1» 

[0 0 3 3]<J:fc, :ffyXTU-hlzmmmmt^2 0A 
i:9mLtzttX-. P^GaAs««4 0 lat^pJ^G 
aAsM««4 0 2?rK^UrilMU/^, P?BTSi5^5 
■y KS4 0 3co«®c7)^®iCT}J!R<7)Z n 0®jS?5tSr^ 

Lfz. mmtzii. sJB^ijt*2 0 A$-tt^i-*«>i o o o 

*2 0 AcOtf'C^fc-^^^-tirt: , Z n N'-rpJ^Ga P* 
M^4 0 9^®aL)t, pJgGaPMSf4s4 0 9iOffl 
^rfi{i, (00 1 ) hL, )I§{±*571 2 0/imtL/^. 
<Xt. pJ^GaPigH^B#:4 0 9<7)±{c, ftaS-ft;2 0 0 

gi:-tSffii8K-rc7)GaP-f yd-.y h/h)t^«jaL 
yd"-7b/jNmiit@**?76 0mmi:L, lg$***«7 

1 7mm<^P3ttt Lfvl, 

[0 0 34] acfc, GaP^ yrf h.yh>^-5raat/i^ii 
«04fc®-C, «S«jtf*:2 0A$:Siatc*^V^T-«e<;=5:^ 

n.LXmo. Ih-MzmSLfz. ^OXS£^«r«*>=5: 
*^^>. MSJ:0 8 0°CC*55-C/:»-«a«T#SL^v:. 
8 0X;tJ!^. 3 0^MSIfca»3llfflKKfili#t^. ii! 

ttf, 1 2 0'ciw2x:/^<oiSST-#iaL/c. 



1 2 0'C(C3 O^Bffii^LJt, ffim*. Wl>z. 2 0 0°C 
t::ft*l 0°Ci7)3ajgT'#iSL. |5liajgtc4 Qii-rafi^i^t 

/i, 8 0'ac*<jior/i^coi$jK-C'^iSL^^. 
8 0'c*-^>^ia^{4g^!S}^a]L^. m±.<^MWi. i^&m 
mzx'om-fi^'&com^mm^m^t^'tx. m^mi^^ 
±m^b-r&^mmitmm4 o s $:jg«-r4^^c. p?b 

G a Pifea#:4 0 9^ P^TSPc? 5 -y h'e4 0 3 (Cg?-^ 

■^^fz. <^mLxmm\impxK)mmmmi^2 0Ai:n 

*)tiiLtzm. WSft^^xru— b (la^-f) l,z9AnL 
rz±Mi<^V <y X L , WJl«itf^ 2 0 
Ai:Wm}ff^:!^y°\y-h:b^ii>9\-Lfz. ifife^t® 4 0 4 fcli* 
LT±T::fr[S]tC:GaP^Hm4 0 7. 4 0 9<7)g«5:$^ 
Ttfzm}^X\ «Jl*fiS*2 0At:(±l^. e!tl)f«4«lig 
$ix^r*»^^. WJifll3tf*c2 0A$r*«^-cafc?f^U7t 
TiMG a PfSfHf!|s4 0 7C0^M±W4. i^^n07 ^ 

b y y 7 ^ -feffiSrfilffl Lfz^^iS'--y^'^mifY 
Lx, m&^mi \oumt'rhvm<^nm^-^-yi' 

mfli4 1 O^ISttJt. nJgji--S •y^'lSi4 1 OJi:. n 
J^G a PfefBf*J4 0 7 t:S-r-I.T«SP4 1 0 a Sr^ ( A 
u) -yjV-^-^M. (Ge) tt, ±JiSP4 1 Ob2:A 
u*>^,«^L!t. nJg<7)Jl--5 y^ttS:#-^-rS;ta6«?5 

ro^ (-^^^t) saa{±. 4 2o-ct'1 o^^So/i. 

ttz. P?^GaP!^fB#:4 1 1 cOB&^® tCti , Au-Z 
n-&^M2r«S«$-t^:TpJg^-5 •y^«flg4 1 Ifc'SrL 
P?gi7)3f-5 y^ttS:ft-^-r?./v:4^orn-f(44 2 

O'CX' 5 ^YSitLfz. 

[0035] mz. ^Sffitc«si4 10, 411 tm^ 
^tvnMmmm.W2 o A^--«iw=2:^^ i^y^ (die 

ins) ^ma/X^ y^r^^^:im LX . iSMSr- 

m^:^3oqfj.mfti>mmm'f- (^<yr) tc^^fjt 

■C, AlGalnPLEDlOSrffl^LTt (114^1^0 
5#flS) , M1ifii4 10. 411 ia{d«*|6lfc:2 0 S U 

ry^r (mA) c7)«SESrjiS[L7ttC:-?), «S4 1 0 

tz. -tm^izi: K^m^^tu-zm^mmii^e 2 0 nmx- 

h-ofz. t.fz. WtX^'Ph)V'<r)^m.mi (FWHM) {4 

*«72onm-ej)0, ^-^mzmio ^W(^%t>tu-z. 

^vy^X'(r>mMmmiS^^):fjVv'^ (mc 

d) [z%mLtz. 

[003 6] ±tz. ^*a4 0 4<:7)i^Wc*$V^T, iES 
-ri>GaPSga#:4 0 7, 4 0 9c7)JIif 1 2 0/xm 
i:B&|iJ— i:T, ffe3feJi4 0 4«OWffl|-CcOlt^etGaP 
*Sa*J:<50^H-<508a:S:B&l5]-k L;^^f^*^tc, 7 5mA 

(r>]m^w&t: 5 oi^raassLJtmtci^^'^T t^siiK 

ffitttCffiixSA 1 Ga I nPLED2 0i:^-:);t. 
[0037] ^Jt, a^<7)E B I C'Mzi: 0 ( B^=f- 

^wM'^^mt&wMm. ^%mimmm(r>fzi!baimrF 
mmm\ ( m) m^mm. 1 99 i^i 2^ 1 5 

Bmi. ^JJiSl^lRiO) , 8 4~8 7H#BS) . GaPj^ 
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B^^4 0 7, 4 0 9i:±. T^'^ y F/I4 0 3 , 4 05 

2 0mA)«*«>2. 2.1?;l^h (V)^^)^, ^CO^<i^y 
dft2. 2V±0. 1 Vfc/jN-C'fcoTt. 
[0038] 

[0039] *^Hj(3flc<x(f , 1 1 1 -vmit^^^m^ 

^ft^-ttTnJgGaP^B^SrnJgl I I -vm<t-^m 

nJgGaPJSafiftS:g?«-C'#&cOT\ mJfJ^mEi}^ 
i&m^ixt::A 1 Ga I nP5^LED*<Sflt-c#S. 

[ 0 0 4 0 ] ^7t, *^BJT'{i, I I I -vm^t-^Vm^ 
mmzMLXT:^-k:y'i^-^^?:m<&7tmt LX-^ts^ 

immi:iY^^^xpmGapm^ai^ipmi i i-v 
mmmmt p j^g a p^^Bi^<r>immiz^it^^-tz t 

*JLo-p. P?gGaP<ga«s?:«f^|T§&<or. 
«E*«ffi«$<X/cA 1 Ga I nPi^LED*itStt-C# 

[0041] :^^mizmn^. mm-th nmRi/pmo 

a P^fB*i^«ilSrB«|nl- 1 :ibt l.fz<^X\ A 1 

Ga I np^^miz'tp^^ti^m^a.coi^mit^^m 

tl. mi^immz^tl?>A l Ga I nP^^LED*^J|0t 

[iai 1 GaiPf^^mmm^ith^mimmi-hfzib 
<^mier>mmi^mx'ht. 
[02] Gapm^Bi^^mm^-^h^mt:mmi-ttii^ 

<r>m2cr>mmim:mx'h&. 

[113] GaP^^f!|!7&5S«$ii.ysWjHg3t«scr)a!rMli 



[04] nsfifi^ijiiciesjcoLEDco. &mtm<r>mm^: 
^si^m^^^x'h^ , 

mx'h^, 

10 A 1 Ga I nP LED 

2 0 A 1 Ga I nP LED 

2 OA aJl«jt#: 

10 OA mmmi^i^ 
looB aaflfitft: 

1 0 1 sm^sms. 

10 2 ^ff « 

103 T^^'^-yYm 

104 

10 5 igP^' 5 -y HJl 
1 0 6 ^«®?^t:!H!lJI 
107 GaP^Sf*: 

1 0 8 ^mmimm 

109 GaPt^^i^ 

110 nJ^jJ--5 >y;?«:ffi 

111 pJg:t-5 >y:?fl:Si 

401 pjgGaAs M.m^Bmm 

402 pj^GaAs^afU 

4 03 pJgA 1 Ga I nP^TSP^^^ y 

4 04 AlGalnPl^^a 

4 0 5 nBA 1 G a I n Pj^±g5i? ^ -y h'Jl 

4 0 6 wtimmitm 

407 nJ^GaP^B^at^s 

4 0 8 mi\m^m^m 

4 09 pJ^GaPi^B^afit! 

4 10 AuGe/Au n?^:;t- * >y 

411 AuZn pj^5j--* •y^'^ 

Dl GaPigfB«scOJl/S 

D 2 G a Pi@^^OSJ¥ 

D 3 III -vrnt-^m^mi^mmmcomm 

D4 II I -vmit-^^im^comm 

T 1 G a P I I I -V]^<|:-^^f*:1iBgJii:cO 

T 2 G a P i: I I I -VlgrfL-^^f*«figafc<D 
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